The observed D 0 −D 0 oscillations provide a new stage in our search for New Physics in heavy flavour dynamics. The theoretical verdict on the observed values of x D and y D remains ambiguous: while they could be totally generated by Standard Model dynamics, they could also contain a sizable or even leading contribution from New Physics. Those oscillations are likely to enhance the observability of CP violation as clear manifestations of New Physics. We present general formulae for D 0 −D 0 oscillations, concentrating on the case of negligible direct CP violation. In particular we derive a general formula for the time-dependent mixing-induced CP asymmetry in decays to a CP eigenstate and its correlation with the semileptonic CP asymmetry a SL (D 0 ) in D 0 (t) → νK. We apply our formalism to the Littlest Higgs model with T-parity, using the time-dependent CP asymmetry in D 0 → K S φ as an example. We find observable effects at a level well beyond anything possible with CKM dynamics. Comparisons with CP violation in the K and B systems offer an excellent test of this scenario and reveal the specific pattern of flavour and CP violation in the D 0 −D 0 system predicted by this model. We discuss a number of charm decays that could potentially offer an insight in the dynamics of CP violation in D decays. We also apply our formalism to B s −B s mixing.
Introduction
To obtain a "natural" solution to the Standard Model's (SM) gauge hierarchy problem it has been conjectured that dynamics beyond it have to enter around the TeV scale. This problem has been further deepened by the fact that the SM has passed the test provided by electroweak parameters even on the level of quantum corrections. Little Higgs Models [1, 2] represent an intriguing response to this challenge. Rather than solving the gauge hierarchy problem they 'delay the day of reckoning' to a higher scale. They provide scenarios where New Physics (NP) quanta can be produced at the LHC without creating conflicts with electroweak constraints; at the same time they introduce many fewer additional parameters than SUSY or Extra Dimension scenarios.
In order to avoid stringent electroweak precision constraints, one subclass of those models introduces a discrete symmetry called T-parity [3, 4] , under which the new particles are odd and can therefore contribute only at the loop level. As a consequence a set of six T-odd 'mirror' quarks needs to be introduced that are organised into three families [5] . While constraints from flavour dynamics are not part of their motivation, this latter class of models is not of the Minimal Flavour Violation (MFV) [6] [7] [8] [9] [10] variety. They allow to construct connections between findings in high p t and flavour dynamics that have the potential to be of practical use due to the relative paucity of their new parameters: ten in the quark flavour sector, among them three CP-violating phases.
If one had observed D 0 −D 0 oscillations with x D > 1% y D , one would have had a strong prima facie case for NP enhancing ∆M D . Such a scenario has probably been ruled out now. The theoretical interpretation of the recent seminal discovery of D 0 −D 0 oscillations with x D ∼ y D ∼ (0.5 − 1)% [11] [12] [13] [14] remains ambiguous [15] [16] [17] [18] : the observed size of ∆M D and ∆Γ D might completely be due to SM dynamics -or ∆M D could still contain sizable or even leading NP contributions. A breakthrough in our theoretical control over these quantities is required for resolving this issue on theoretical grounds. Barring that there are two possible interpretations of the present situation: (i) It is beyond our computational abilities to evaluate ∆M D and ∆Γ D with sufficient accuracy. (ii) It represents one example of nature being mischievous with us: ∆Γ D is anomalously enhanced due to a violation of local quark-hadron duality; ∆M D on the other hand is enhanced over the value expected in the SM due to the intervention of NP. There is no way that interpretation (ii) could be validated by theoretical arguments; yet we argue there is a straightforward course of action as outlined below.
A priori Little Higgs models with T-parity could have generated considerably larger values of ∆M D than observed; yet in that case the accompanying weak phase in L(∆C = 2) had to be quite small due to constraints from K L → π + π − decays [19] . A forteriori they could generate the observed value or a significant fraction of it. The new feature now is that the K L constraints are diluted to a degree that large phases can emerge in L(∆C = 2). Their most striking experimental signature would be the observation of time dependent CP asymmetries already for Cabibbo allowed final states like D 0 → φK S in qualitative -albeit not quantitative -analogy to B d → ψK S .
The remainder of this paper is organised as follows. In Sect. 2 we briefly recapitulate the basic features of Little Higgs models and describe the relevant ingredients of the Littlest Higgs model with T-parity (LHT) needed for our analysis. Here we discuss in explicit terms the connection between D and K physics that is very transparent in the model in question. Then in Sect. 3, we review the theoretical framework of D 0 −D 0 oscillations and discuss the possible LHT contributions, which we compare with the experimental evidence. Sect. 4 is dedicated to a model-independent discussion of the effect of indirect CP violation on D decays, where we derive in particular a correlation between the semileptonic asymmetry a SL and the time-dependent asymmetry in D 0 → K S φ. In Sect. 5 we apply the formalism of Sect. 4 to the LHT model and show the possible effects of LHT dynamics in CP violation in D 0 −D 0 oscillations. In Sect. 6 we consider simultaneously the impact of LHT dynamics on CP violation in D 0 −D 0 oscillations, rare CP violating K L decays and CP violation in B s −B s mixing, measured by the CP asymmetry S ψφ . A brief summary and outlook is given in Sect. 7. Finally using the formalism of Sect. 4 Appendix A rederives the correlation between the CP asymmetry S ψφ and the semileptonic asymmetry a s SL relevant for B s −B s mixing. Appendix B collects the input parameters used in our analysis.
Little Higgs Basics

Generalities
The Little Higgs class [1, 2] comprises a large variety of New Physics models in which the Higgs boson appears as a pseudo-Goldstone boson of a spontaneously broken global symmetry. Gauge and Yukawa couplings break the global symmetry explicitly; however, Little Higgs models are constructed such that every single coupling preserves enough of the global symmetry to keep the Higgs boson massless. Only when more than one coupling is non-vanishing, the symmetry is broken completely and radiative corrections to the Higgs potential arise, being however at most logarithmically divergent at the one-loop level.
In order to achieve the cancellation of quadratically divergent contributions from the top quark, the electroweak gauge bosons and the Higgs itself, a common feature of all Little Higgs models is a set of new heavy weak gauge bosons, scalars and a top partner T at the TeV scale. In spite of the large variety of existing models on the market, this common feature leads in many cases to similar phenomenological implications. Most phenomenological analyses therefore restrict their attention to the Littlest Higgs (LH) model [20] . This latter model, based on an SU (5) → SO(5) global symmetry breaking pattern at a scale f ∼ 1 TeV, introduces in addition to the SM gauge and matter fields the heavy gauge bosons W ± H , Z H and A H , the heavy top partner T and a scalar triplet Φ. In the remainder of this paper, we will restrict ourselves to this economical realization of the Little Higgs concept. Reviews can be found in [21, 22] .
The Littlest Higgs Model with T-Parity
When studying electroweak precision observables, it turns out that an additional discrete symmetry, called T-parity [3, 4] , is needed in order to allow for the new particles below the 1 TeV scale. Under this symmetry, the SM particles and the heavy top partner T + are even, while W ± H , Z H , A H and Φ are odd. A consistent implementation of T-parity requires also the introduction of mirror fermions -one for each quark and lepton species -that are odd under T-parity [5] . In this manner the Littlest Higgs model with T-parity (LHT) is born.
While the Littlest Higgs model without T-parity belonged to the MFV class of models, implying generally small effects in flavour violating observables [23, 24] , the mirror fermions in the LHT model introduce new sources of flavour and CP violation [25, 26] . Potentially large deviations from the SM and MFV predictions in flavour changing neutral current processes can thus appear [19, [27] [28] [29] [30] [31] [32] . A brief review of these analyses can be found in [33] .
Flavour mixing in the mirror sector is conveniently described by two unitary mixing matrices V Hu and V Hd , parameterising the mirror quark couplings to the SM up-and down-type quarks [25, 26] , respectively. With the V Hd matrix being parameterised in terms of three mixing angles and three complex phases as suggested in [26] , the V Hu matrix, relevant for D 0 −D 0 oscillations, is given by
As the CKM mixing angles are experimentally found to be small and therefore V CKM
1,
we have V Hu V Hd . This relation will turn out to be important in what follows in order to understand the close connection of CP violation in the K and D meson systems. This issue is discussed in more detail in the next section (see also [19, 34] ).
For an extensive description of the LHT model we refer the reader to [28] , where also a complete set of Feynman rules has been derived. We note that an error in the coupling of the Z boson to the mirror fermions has been pointed out in [35] , see also [32, 36] . This has however no impact on the present analysis, as the coupling in question does not appear in the one-loop diagrams contributing to ∆F = 2 processes.
Connection between D and K Physics
In [34] the connection between D 0 −D 0 and K 0 −K 0 mixing has been discussed within the framework of approximately SU (2) L -invariant New Physics. Due to the connection between upand down-type quarks in the SM through the CKM matrix, in this scenario the New Physics contributions to D 0 −D 0 and K 0 −K 0 mixing are not independent of each other. This observation has been used in [34] to derive lower bounds on the New Physics scale in various New Physics scenarios, emerging if the experimental constraints on D 0 −D 0 and K 0 −K 0 mixing are applied to only the (V − A) ⊗ (V − A) contribution. One should keep in mind however that in models in which new operators contribute to ∆F = 2 processes the power of this approach is limited, as the various contributions interplay with each other and dilute the correlation in question.
On the other hand the situation is promising in New Physics models with only SM operators, such as the LHT model. In fact this model provides possibly the best example of the physics discussed in [34] . While the following discussion has been triggered by the analysis of ∆C = 2 processes in the LHT model and uses the notations and conventions of [19, 25, 28] , it applies as well to all other New Physics scenarios with only SM operators. Similar to the LHT model, the flavour mixing matrices V Hu and V Hd parameterise the misalignment between the New Physics and the SM up-and down-type quarks, respectively, that are related via (2.1). D 0 −D 0 oscillations are then governed by the combinations (i = 1, 2, 3)
while for K, B d and B s physics 
The following comments are in order:
• At leading order ξ
, i. e. D and K physics are governed by the same New Physics flavour structure. We note that the complex conjugation arises, as |D 0 = |ūc while |K 0 = |sd , and it will give rise to a sign difference in CP violating effects in the D and K systems.
• The correction to linear order in λ is real, irrespective of the precise structure of V Hd .
However, as ∆C = 2 CP violation is governed by i , so that direct CP violation in rare D and K decays will be much more strongly correlated and deviations from the one-to-one correspondence will arise only at O(λ 2 ).
• The order O(λ 2 ) correction can be complex, provided that Im ξ • At O(λ 3 ) a complex correction arises due to the CP violation in the CKM matrix, given by iη. This correction is non-vanishing also in the limit of a real, i. e. CP conserving V Hd , and vanishes only if ξ
The time evolution of neutral D mesons is generally described by the Schrödinger equation
In the presence of flavour violation
and the mass eigenstates can be written as
where
and we choose the CP phase convention
D 0 −D 0 oscillations can then be characterised by the normalised mass and width differences
with
The attentive reader will note that our definitions in eqs. (3.8), (3.9) follow the PDG conventions [37] , also adopted by the HFAG collaboration [14] ; for neutral kaons they lead to 
express the CP impurity in the two mass eigenstates through |q/p| = 1 and/or 2ϕ 12 = {0, ±π}. We note that while the phases of M D 12 and Γ D 12 depend on the phase conventions chosen, ϕ 12 is phase convention independent and consequently an observable.
The world averages based on data from BaBar, Belle and CDF read [14] x D = 0.0100 A few technical remarks are in order to set the basics for our subsequent discussions. The phases of neither M 12 nor Γ 12 are observable per se, since they depend on the phase convention adopted forD 0 ; their relative phase ϕ 12 however is independent of that convention and represents an observable. The CKM matrix provides a very convenient phase convention for M D 12 , which we will adopt. In the SM M D 12 as well as Γ D 12 are real to a very good approximation; however this still leaves their signs to be decided. While the authors of [18] argue that in the SM (Γ D 12 ) SM likely carries a relative minus sign with respect to (M D 12 ) SM , the data on x D and y D , assuming no NP contribution, imply
i. e. a relative plus sign between dispersive and absorptive part of the off-diagonal mixing element. In what follows we will therefore not make any assumption on the signs of (M D 12 ) SM and (Γ D 12 ) SM .
LHT Contributions
The leading LHT contribution to L(∆C = 2) is given by the standard (V − A) ⊗ (V − A) operator with its Wilson coefficient modified by the exchanges of the mirror quarks and heavy gauge bosons W ± H , Z H and A H in the relevant box diagrams. While the heavy T + quark cannot contribute directly to the box diagrams in question, its mixing with the standard up-type quarks can generate tree-level flavour changing Z couplings in the up quark sector, leading to a nonvanishing contribution to D 0 −D 0 mixing [38, 39] . However, if the heavy T + state is quasi-aligned with the SM top quark, as required in order not to spoil the Little Higgs mechanism of collective symmetry breaking, these tree level contributions are found to be smaller by several orders of magnitude than the SM short distance contributions and therefore fully negligible.
Explicit expressions for the T-odd contributions to D 0 −D 0 mixing can be found in [19] and will not be repeated here. We only recall certain properties of these formulae that are relevant for our work:
• The LHT contribution depends on seven new real parameters and three complex phases that are constrained to some extent by the data on FCNC processes in K and B systems, in particular by the observed CP violation in K L → ππ decays through the relations (2.1) and (2.4) and by electroweak precision tests. The hadronic uncertainties in this contribution originate in the matrix element of the relevant ∆C = 2 operator between D 0 andD 0 states. This matrix element is parameterised by the D meson decay constant F D and the parameterB D . It should be emphasised that these two parameters are known from lattice calculations with much higher precision than the analogous quantities in the B d and B s systems. Therefore in view of other uncertainties in our analysis, primarily related to long distance contributions discussed next, it is justified to setB D and F D to their central values.
• The remaining two contributions are the SM box contribution and the genuine long distance contribution connected with low energy QCD dynamics. Whatever the nature and strengths of the SM contributions, they have nothing to do with the physics of the LHT model and are always present; we will denote the sum of these two contributions to the off-diagonal element of the D 0 −D 0 mixing matrix simply by (M D 12 ) SM . It is real to an excellent approximation [15, 16] .
In summary, at present we have two experimental constraints of rather moderate rigour -∆M D and ∆Γ D -and some order of magnitude estimates for the SM contributions to M D 12 and Γ D 12 ; furthermore we can count on the complex phases of the latter to be so small that they can be ignored at present. Lastly we have only constraints on the LHT parameters. For all these reasons we can provide only more or less typical scenarios, which we construct in the following way.
We find sets of LHT parameters consistent with the data outside charm dynamics and then compute M D 12 from them. To this end we fix the New Physics scale to f = 1 TeV, implying masses of the heavy gauge bosons
While the heavy gauge boson masses are fixed by the choice of f , the mirror quark masses m i H depend on additional free Yukawa coupling parameters κ i . Therefore we vary the mirror quark masses over the range 300 GeV ≤ m i H ≤ 1000 GeV . The result of this procedure is shown in Fig. 1 , where we show (Γ D 12 ) SM as a function of (M D 12 ) SM . As there are generally two solutions for the SM contribution, we determine both and show them as red (darker grey) and green (lighter grey) points, respectively, in this and all further figures. We observe that while for essentially all LHT parameter points (Γ D 12 ) SM is consistent with theoretical estimates, for some points a very large negative (M D 12 ) SM is needed. We have verified explicitly that those points do not coincide with the most spectacular effects discussed below and in the K and B physics observables discussed in [27] [28] [29] 32] . As an example we show in Fig. 2 |q/p| as a function of (M D 12 ) SM , with the deviation of |q/p| from unity measuring the size of CP violating effects in D 0 −D 0 oscillations.
In Fig. 3 we show the real and imaginary part of M D 12 , as defined in (3.16) . Again the red (darker grey) and green (slightly lighter grey) points fulfil all existing K and B physics constraints and correspond to the two solutions for are now excluded, due to the correlation between K and D physics discussed analytically in Sect. 2.3. On the other hand we observe that almost the entire range of CP-violating phases is allowed, although phases close to ±90 • , or equivalently ϕ 12 = ±45 • , appear to be unlikely. It Next in Fig. 4 we show the correlation between Im(M K 12 ) and Im(M D 12 ). We find a certain correlation between these two quantities, but as expected from the discussion in Section 2.3, this correlation is not a strict one due to the O(λ) corrections to ξ 
CP Asymmetries in D Decays
From the first time they entered the stage of fundamental physics through the discovery of K L → π + π − , CP studies have demonstrated their power to reveal subtle dynamical features. We have good reason to expect that they will again reveal the intervention of New Physics. One should keep two facts in mind: (i) Baryogenesis requires dynamics beyond the SM CP violation.
(ii) With the SM providing one amplitude, a CP asymmetry can be linear in a New Physics amplitude thus exhibiting a relatively high sensitivity to the latter.
General Formalism
The time evolution of initially pure D 0 andD 0 states, respectively, can be obtained from solving (3.1) and is given by
with q/p given in (3.5),M = (M 1 + M 2 )/2 and
From (4.1), (4.2) we find for the time-dependent decay rates of D 0 (t),D 0 (t) to a final state f :
where we dropped the overall phase space factors and defined
These general formulae agree with those of Dunietz and Rosner [40] after their definitions of ∆M and ∆Γ are adjusted to ours in (3.8) and (3.9). From these results, one can easily obtain the CP asymmetries
where f is a CP eigenstate
We find
where we have introduced the function
We emphasize that the phase ϕ f is phase convention independent as it depends only on the relative phase between q/p and
The expression (4.11) with F (±) given above generalizes the well-known formula from the B system to include the effects of ∆Γ and |q/p| = 1. For practical purposes, as x D , y D 1 it is sufficient to consider the CP asymmetry in the limit of small t. Then (4.11) reduces to
14)
In the case of a non-negligible CP phase ξ f in the decay amplitude
Moreover, if in the adopted phase convention (like CKM convention) the phase ξ f is negligible as assumed in what follows, we have
where we defined in analogy with the B system
Note that in the B system y x and |q/p| 1, so that the above result simplifies considerably in the case of the CP asymmetries S ψK S and S ψφ in the B d and B s systems, respectively.
Finally we introduce the semileptonic asymmetry
which represents CP violation in L(∆C = 2). In writing the last expression, we assumed that |q/p| − 1 is much smaller than unity.
Correlations
Having all these formulae at hand we can derive two interesting correlations. Following the presentation in [41] , we find 20) where in the phase conventions adopted in (3.6)φ = 1/2 arg(q/p). In the limit |q/p| − 1 1,
where the sign ambiguity in taking the square root of (4.20) can be resolved numerically. Using then (4.18) and (4.19) we find for ξ f = 0
A similar correlation is familiar from the B s system [41, 43, 44] and we recall it in Appendix A using the formulation presented above. The violation of the relation (4.22) in future experiments would imply the presence of direct CP violation at work [41] . In the presence of a significant phase ξ f we find
A similar comment applies to the correlation in B s physics that we discuss in Appendix A.
LHT Results
SM Expectations
It is generally understood that CKM dynamics can generate direct CP violation in Cabibbo suppressed modes. For -in the Wolfenstein parameterisation of the CKM matrix -V cs contains a weak phase of order λ 4 and on the Cabibbo suppressed level there can be two different, yet coherent amplitudes. The same weak phase can also induce CP violation in L(∆C = 2) [15, 16] . Yet because these effects are largely shaped by long distance dynamics, we cannot go beyond saying that while SM dynamics generate CP violation in some charm transitions, it should happen below the 0.1 % level. Since it seems unlikely that the experimental uncertainties can be suppressed below that regime in the near future, we will ignore in our subsequent discussion SM CP violating effects.
LHT Scenarios
Our findings above strongly suggest that LHT dynamics presumably generate CP asymmetries in many different channels and Cabibbo levels, both of the indirect and direct variety. Exploring this rich experimental landscape in a comprehensive way will be left to a future paper. Here we will focus on the simplest case, namely on indirect CP violation entering through L(∆C = 2). Its impact on decay rates can be expressed through two types of observables: reflecting the interplay between CP violation in the oscillations and the transition to a final state f . These two types of observables can be probed by analysing the time evolution of
As stated above, in this paper we will assume that New Physics does not affect the direct decay amplitudes for those transitions in any appreciable way. From the definition of q/p one easily obtains (see also [42] )
where ϕ 12 has been defined in (3.10) .
) SM as determined above we can evaluate |q/p|. Likewise for Im λ f , provided the phase 2ξ f from the ratio of decay amplitudes can be neglected. Below we go through a typical list of transitions, where these CP observables can be probed.
D
Because of the SM selection rule, 'wrong'-sign leptons -
-are theoretically the cleanest signature for oscillations. Having such wrong sign leptons one can search for a difference in them, expressed through a SL (D 0 ) in (4.19), which represents CP violation in L(∆C = 2). While the rate of wrong sign lepton production oscillates with time, this CP asymmetry does not.
In Fig. 5 we show a SL (D 0 ) as a function of |q/p|. We observe that almost any value for a SL (D 0 ) can be generated by the LHT model, but the existing measurements for |q/p| constrain the possible range for a SL (D 0 ). The important point to note here is the following: We know already from the data that the production probability of wrong-sign leptons is very low as expressed by
; yet this still allows for a sizable or even large CP asymmetry there: in the LHT model one could get numbers as large as restricted only by the measured bounds on |q/p| (the above range corresponds to the current experimental 2σ range in (3.12) ).
This finding is relevant even when one cannot measure a SL (D 0 ) directly as is the case in hadronic collisions. For CP asymmetries in nonleptonic D 0 transitions depend, as we will discuss below, on the same quantity |q/p| which underlies a SL (D 0 ), so that stringent correlations between the various asymmetries exist (see Sect. 4).
As already indicated above we feel quite safe in ignoring direct CP violation for Cabibbo favoured modes. The theoretically simplest channels would be D 0 → K S π 0 , K S η, K S η -alas experimentally they are anything but simple. In a hadronic environment they seem to be close to impossible. The next best mode is
which (apart from a doubly Cabibbo suppressed transition D 0 → K 0 φ) is given by a single isospin amplitude. The strong phase thus drops out from the ratio
, while their SM weak phase can be ignored at first. 2 Therefore we can use (4.18) with η K S φ = −1, in qualitative analogy to B d → ψK S . The effect will be much smaller of course, since the oscillations proceed much more slowly and a priori one cannot ignore the impact of y D = 0 and |q/p| = 1. Furthermore the experimental signature of φ is not nearly as striking as that of ψ. One has to extract it from the K S K + K − final state and distinguish it from final states like K S f 0 . The latter is particularly 2 The KM weak phases in
and q/p actually cancel to good accuracy. Figure 6 : Correlation between the CP asymmetries a SL (D 0 ) and S D→K S φ . The red (darker grey) and green (lighter grey) points correspond to the two solutions for
. The dark and light grey bands correspond to the experimental 1σ and 2σ ranges for |q/p|, as given in (3.12).
important, since the CP parities of K S f 0 and K S φ are opposite. Therefore these final states would have to exhibit CP asymmetries of equal size, yet opposite sign. Ultimately one has to and can perform a CP analysis of the full Dalitz plot for K S K + K − ; describing it is beyond the scope of this paper.
In Fig. 6 we show the correlation between S D→K S φ and a SL (D 0 ). While we can see that a priori LHT dynamics could generate values for S D→K S φ as large as ±0.05, the experimental constraint on |q/p| in (3.12) and consequently on a SL (D 0 ) in (5.27), displayed by the grey band in the plot, implies an allowed range 29) due to the strong correlation between the two CP asymmetries. We observe that for realistic values of a SL (D 0 ), as given in (5.27), the strict correlation between these two CP asymmetries is linear to an excellent approximation, with the gradient given by (x 2 D +y 2 D )/y D ∼ 0.02, as derived analytically in (4.22) . As already discussed in Section 4.2, the violation of the correlation in question would signal the presence of direct CP violation in the D 0 → K S φ decay.
Another suitable channel on the Cabibbo allowed level is D 0 → K S π + π − . One starts with resonant final states D 0 → K S ρ 0 etc. and then proceeds to a Dalitz plot analysis. There is an additional complication though: in general one has to deal with more than one isospin amplitude. Therefore we leave a detailed study of this channel in the LHT model for future work.
Neither CKM nor, it seems, LHT dynamics can generate direct CP violation for this doubly Cabibbo suppressed mode. Any CP asymmetry in this mode has to be of the indirect variety [45, 46] involving oscillations (unless there is still another source of CP violation [47] ). Its sensitivity to oscillation effects is actually enhanced, since the direct decay amplitude is considerably reduced by ∼ λ 2 . Accordingly it already figures prominently in the data base for D 0 oscillations.
LHT dynamics can generate direct CP violation here due to Penguin diagrams. Evaluating their impact in a reliable way remains a task to be done. Both transitions can exhibit time dependent CP violation driven by the oscillation phase 2ϕ 12 .
6 Impact of LHT Dynamics on K and B Decays
While Little Higgs models follow only one among many routes towards New Physics, LHT dynamics create non-trivial connections between what might emerge in high p t collisions at the LHC and flavour dynamics in principle -SUSY models do that as well -, but also in practice due to its relative paucity in additional model parameters. Here we have discussed its impact on the transitions of neutral D mesons. Yet it creates intriguing effects also in kaon and B decays as described in detail in [25, [27] [28] [29] [30] [31] [32] In Fig. 7 we plot the CP asymmetry in B s → ψφ (S ψφ ) against |q/p| in the D 0 −D 0 system. In the LHT model, S ψφ can easily reach values between −0.2 and +0.3, i. e. considerably larger than its SM prediction that is Cabibbo suppressed [48] ; even larger values (up to +0.6) are possible for some points in parameter space [27, 31, 32] . We observe a cross-like structure in the plot, meaning that while either S ψφ or |q/p| in the D 0 −D 0 system can deviate significantly from their SM predictions 0.04 and 1, respectively, it is unlikely to observe large deviations from the SM values in both quantities simultaneously. Therefore if the present hints for a large non-SM value of S ψφ [49] [50] [51] will be confirmed by more accurate data, LHT dynamics will probably not lead to large CP violating effects in D 0 −D 0 oscillations, albeit visible effects are still possible. On the other hand, if eventually S ψφ will turn out to be SM-like, the road towards spectacular LHT effects in D 0 −D 0 CP violation will still be open. Fig. 8 shows Br(K L → π 0 νν) plotted against |q/p| in the D 0 −D 0 system. In order to study the impact of the value of S ψφ in this correlation, we show it, in the left panel of Fig.  8 , for SM-like values of S ψφ (< 0.05) and, in the right panel of Fig. 8 , for larger values of S ψφ (≥ 0.1). Br(K L → π 0 νν) can reach values up to 1.5 · 10 −10 (more than four times the SM expectation) [32] . For larger values of S ψφ (right hand side of the plot) very large enhancements of Br(K L → π 0 νν) are not observed 3 , this shows that simultaneous large LHT effects in CP violating K and B decays are unlikely [28, 31, 32] 4 . On the other hand, from the distribution of points on the left hand side we can see that large effects in Br(K L → π 0 νν) and in |q/p| in the D 0 −D 0 system do not exclude each other, on the contrary: In contrast to the cross-like structure in 7, we now observe an hourglass-like distribution of points, i. e. for points with large Br(K L → π 0 νν) extreme effects in |q/p| up to ≈ 0.5 or ≈ 2 are much more likely than in the case of SM-like Br(K L → π 0 νν). This shows the correlation between CP violation in the K system and in the D system which was already apparent in Figs. 3 and 4.
Summary and Outlook
While the observed values of ∆M D and ∆Γ D might be generated by SM dynamics alone, ∆M D could receive significant or even dominant contributions from New Physics. It would take a breakthrough in our control of nonperturbative effects to arrive at accurate SM predictions for ∆M D and ∆Γ D . A more pragmatic approach to the interpretative conundrum posed by the observation of D 0 −D 0 oscillations is to pursue a dedicated and comprehensive program of CP studies in D 0 transitions in particular. Oscillations can obviously reveal CP violation residing in L(∆C = 2); in addition they can provide access to direct CP violation that otherwise would remain unobservable, namely in doubly Cabibbo suppressed modes.
The fact that baryogenesis requires the intervention of New Physics with CP violation represents a generic motivation for the aforementioned program of CP studies. Here we have provided a much more specific one, namely one based on LHT models. Let us repeat: the construction of these models was guided by considerations based on electroweak rather than flavour dynamics -yet they can have non-trivial consequences for the latter. Due to the paucity of their new parameters -at least relative to their 'competitors' -they can create connections between the parameters describing the on-shell behaviour of their new quanta and CP asymmetries in K, B and D decays that might be of practical use. What we have shown here is that LHT dynamics can generate sizable CP asymmetries in D 0 decays as expressed through Im λ f = 0 and |q/p| = 1. The latter implies among other things that while D 0 −D 0 oscillations produce only very few 'wrong-sign' leptons, those might exhibit a sizable CP asymmetry. More generally both of these portals for CP violation can be studied in nonleptonic channels like
In summary the main analytic results of our paper can be found in the equations (2.4), (4.11), (4.14), (4.18), (4.20), (4.22), (4.23) and (A.1). The corresponding phenomenological implications are discussed in Sections 5 and 6. More specifically in the present paper:
• We have presented a general formula (4.11) for the mixing induced time dependent CP asymmetry for decays into a CP eigenstate. Compared with the analogous formulae known from the B system, (4.11) includes the effects of ∆Γ = 0 and |q/p| = 1.
• Assuming the absence of direct CP violation in the ∆C = 1 decay amplitudes, we have presented an expression for the CP asymmetry S f (4.18) that generalises the familiar expressions for S ψK S and S ψφ to include the effects of ∆Γ = 0 and |q/p| = 1.
• We have derived a correlation between S f and a SL (D 0 ) (4.22) that depends only on x D , y D and η f . A similar dependence has recently been pointed out in the case of B s −B s mixing in [41] . We confirm the latter result and give it in appendix A.
• We have discussed the correlation between D and K decays in the spirit of the recent analysis in [34] , demonstrating that the LHT model exhibits this correlation very transparently. To this end the expression (2.4) turned out to be very useful.
• Analysing in detail the LHT model we have found observable CP violating effects in D 0 −D 0 oscillations well beyond anything possible with CKM dynamics. The correlation between S f and a SL (D 0 ), illustrated here for f = K S φ will serve as a useful test (see Fig.  6 ) of the LHT dynamics.
• We have identified a clear pattern of flavour violation predicted by the LHT model:
-While either the CP asymmetry S ψφ in B s −B s mixing or |q/p| in the D 0 −D 0 system can deviate significantly from their SM predictions, it is unlikely to observe large deviations from the SM values in both quantities simultaneously. The improved measurements of S ψφ at the Tevatron and the LHC in the coming years will therefore have a large impact on the possible size of CP violating effects in D decays within the LHT model.
-The strong correlation between the K and D systems implies that large New Physics effects in K and D decays are possible simultaneously.
-On the other hand simultaneous large effects in K and B decays are unlikely [28, 31, 32] . The latter property has also been pointed out recently in the context of RS models with custodial protection [52, 53] .
Finally the analysis presented here can also be viewed as a proof of principle in two ways:
1. Charm decays might reveal the intervention of dynamics that so far has remained hidden.
2. While the CP phenomenology of K → πνν, B s → ψφ and of D 0 decays has some overlap, it is also fully complementary and its dedicated study thus mandatory: new dynamics that might hardly affect B s → ψφ can leave an identifiable footprint in K → πνν and D 0 decays.
which agrees with the findings in version 3 of [41] and represents an alternative derivation of the correlation found in [43, 44] . Note that we used the definition 
where we stress that our definition of y s differs by sign from the HFAG one. Finally in determining the overall sign of (A.1) we assumed (y s ) SM < 0.
B Numerical input
We use the following values of the experimental and theoretical quantities as input parameters: 
